Background: Thyroid dysfunction is one of the prevalent endocrine disorders. The relationship between lifestyle factors and thyroid dysfunction was not clear and some of the factors seemed paradoxical.
Background
Thyroid dysfunction is one of the prevalent endocrine disorders. Thyroid dysfunction can lead to various health issues including cardiovascular disorders [1] , abnormal glucose intolerance, impairment of liver function, dyslipidemia, and so on. Thyroid dysfunction may also cause psychological symptoms and affect quality of life [2] . It was found that even at subclinical level, hyperthyroidism and hypothyroidism are associated with overall reduction of medical well-being [3] .
The observation of different prevalence rate among different ethnic groups and geological areas indicates that both genetic and environmental factors contribute to the development of thyroid dysfunction. It is well known that most of the thyroid dysfunction is caused by autoimmune thyroid diseases (AITD). Thus it is not surprising that polymorphisms in major histocompatibility genes (human leukocyte antigen [HLA]), immunoregulatory genes (CTLA4, PTPN22, FOXP3, CD25, CD40, FRCL3), and thyroid specific genes (TSHR,TG) were found to be associated with increased prevalence of the disease [4] . On the other hand, There are also indications that environmental factors such as alcohol consumption, smoking, Iodine intake, deficiency in vitamin and minerals such as Vitamin D and Selenium, infections, stress, and certain drugs (estrogens) may also affect the incidence of the thyroid dysfunction [5] . How different environmental and lifestyle factors affect development of thyroid disease is not well understood. Interestingly, recent studies have indicated that environmental and lifestyle factors may interact with genetic factors by influencing epigenetic mechanisms, such as altering DNA methylation and chromatin modifications, thereby modulating gene expression [6] . Studies from many areas around the world have investigated potential environmental risk factors of thyroid dysfunction. However, some of the results remain controversial. For example, a survey by Nystrom et al. (1993) identified smoking as a risk factor for hypothyroidism [7] , while other studies failed to find any association [8] . A recent research in fact found that smoking might reduce the risk of hypothyroidism [9] . Besides smoking, other lifestyle factors need to be explored to identify additional contributors to the disease development.
We have the complete dataset of an epidemic survey of diabetes in the She ethnic minority group of Fujian Province in China, which was carried out from July 2007 to September 2009. The details of this study have been published previously [10] [11] [12] . Among the participants, 5154 were tested for the TSH and TPOAb levels. Using these data, we conducted statistical analyses to investigate potential associations between several lifestyle factors and the incidence of thyroid dysfunction.
Methods

Study design and population
The She ethnic minority is one of the smaller ethnic populations in China. Confining our study to such a cohort with relatively homogenous genetic and general environmental background allows us to better isolate lifestyle factors from the genetic components of the disease, as well as minimize the effect of other hidden environmental variables. The study is part of an epidemic survey of the diabetes in the She ethnic minority group of Fujian Province. We recruited participants by advertising and phone calls made by the community workers. Subjects registered were permanent residents of the Fujian province She reservation area, aged 20-80 years. A multistage, stratified, cluster random sampling method was used in order to select a representative sample. A total of 5385 She ethnic residents were enrolled in the survey and 5154 subjects who had results of TSH and TPOAb levels were collected in our study. The study was approved by the Ethics Committee of Fujian Medical University. We had complied with the Declaration of Helsinki Ethical Principles for medical research involving human subjects [13] . All the participants signed informed consent authorized by the Chinese Medical Association before data collection.
Patient and public involvement
The role of subjects in this study were participants. They were not involved in the recruitment or conduction of the study. After the completion of the study, we sent each participant a letter describing the detailed results of their own physical examinations and lab tests free of charge. If the lab tests or physical examinations showed abnormal results, we informed the participants by phone calls and advised them to go to the clinic for appropriate further examination and treatments.
Data collection
Subjects were individually interviewed by trained staff. During the interview, life style information was collected using a standard questionnaire. Smokers were defined as those who were having or had had at least 5 cigarettes per day. The numbers of cigarettes taken by the smokers were also recorded. As the She minority group use cereal as their staple food, daily staple was defined as the amount of cereal consumed per day. Alcohol consumption was defined as the average consumption of at least 35 g of alcohol per day. Salt intake was an estimation of the individual's salt intake per year. Due to mandatory iodization of salt in the area, salt intake was a proxy for iodine intake. Exercise was self-reported, defined as performing physical activities for at least 20-30 min twice or more per week. Dietary restriction was defined as being on a low fat and low-calorie diet. Frequent sugary beverages referred to consuming sugary beverages more than twice a week. People who measured their body weight more than once a week were characterized as "yes" for weight watching. Chronic insomnia referred to having disrupted sleep that occurred at least three nights per week and lasting for at least three months. Chronic daily headache was defined as having a headache for more than four hours on more than 15 days per month. In addition to the above life style information, the accompany diseases and medication, family history of thyroid disease were also recorded. The participants who had already had thyroid disease were excluded.
Physical examinations
Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared (kg/m 2 ). Blood pressure was measured twice in the sitting position by manual sphygmomanometer on the right arm after at least 5 min of rest, and the mean of the two readings was used for analysis. All of the staffs conducting the physical examinations completed a training program of the entire study protocol before they began to collect data.
Laboratory measurements
Serum TSH was assessed using an electrochemiluminescence (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA). The working range for this method was 0.01-100 mIU/L. Serum TPOAb were measured with a highly sensitive, direct RIA system (Kronus, San Clemente, CA, USA). The reference range of TPOAb was ≤35 IU/ml. Serum triglycerides (TG). Total cholesterol (TC) and high-density lipoprotein cholesterol (HDL) were determined by an automatic colorimetric method (Hitachi; Boehringer Mannheim). LDL-cholesterol (LDL-c) was calculated using the Friedewald formula. All blood samples were obtained in a fasting state at 8 am.
Diagnostic categories
Globally, the normal range of TSH level is not definitely set. Different regions, ages and ethnic groups may have different ranges. To set a reference range for normal TSH values, we selected 250 healthy participants aged 20-80 and carefully excluded those who self-reported thyroid disease or goiter, as well as those who had thyroid disease family history. We tested their TSH levels and set the range of 2.5th-97.5th percentile as the reference range of normal TSH values. The resulting range was 0.34 mIU/L-4.22 mIU/L. TSH level lower than 0.34 mIU/L was defined as hyperthyroidism (including subclinical hyperthyroidism). TSH level higher than 4.22 mIU/L was defined as hypothyroidism (including subclinical hypothyroidism).
Statistical analysis
Statistical analyses were conducted using the SPSS software (version 13.0, SPSS, Chicago). The distributions of numerical variables were tested for normality. Data with normal distribution were expressed as means ± standard deviation (SD). Data with skewed distribution were logtransformed for analysis. If still with skewed distribution, data were expressed as median (interquartile range). For categorical variables, data were expressed as percentages. Student's t-test was used for continuous variables and chi-square test for categorical variables to assess differences. Multiple logistic regression analyses were performed to evaluate factors associated with thyroid dysfunction. We set whether or not having thyroid dysfunction as the dependent variable (yes = 1, no = 0). The significant variables identified by previous Student's t-test or chi-square test were selected to be included in the regression analyses. Continuous variables such as BMI were classified by the value of clinical significance (eg.
BMI < 18.5: underweight; 18.5~23.9:normal; 24~27.9:overweight; ≥28:obesity). After testing for all possible interactions among independent variables to eliminate the influence of confounders, the best fitted logistic regression model was established to determine the possible risk factors for thyroid dysfunction. Adjusted ORs and 95% confidence intervals were calculated for all significant variables. P < 0.05 was considered to be statistically significant.
Results
Out of a total of 5700 subjects initially surveyed by the questionnaire, we were able to obtain completed questionnaires with corresponding laboratory data for 5154 of them. The response rate was 90.4%. The prevalence of thyroid dysfunction was shown in the Table 1. Among these 5154 participants, based on TSH level, 140 (2.72%) were diagnosed with hyperthyroidism (aged from 20 to 80) and 206 (4.00%) were diagnosed with hypothyroidism (aged from 20 to 80). Incidence of TPOAb positive was 10.65%. The characteristics of the subjects categorized by thyroid status were presented in Table 2 .
As expected, compared with people with euthyroidism, those with hyperthyroidism had higher heart rates and lower TC and LDL level. People with hypothyroidism had higher BMI. The influence of thyroid disorders on UA level was currently unclear. In our study, people with hyperthyroidism and positive TPOAb both had lower UA level. Compared with TPOAb negative, people who were TPOAb positive had higher age, BMI, HR, and HDL level. Table 3 showed life style factors and their associations with thyroid status. As shown in the table, we found hyperthyroidism occurring less frequently among people who drank, had higher education or suffered from insomnia (P < 0.05 by chi square test). Incidence of hypothyroidism was decreased among people who smoked, drank alcohol, exercised, underwent weight watch, or suffered from chronic daily headache (P < 0.05 by chi square test). People who have higher education, smoke, consume alcohol, or undergo weight watch seem less likely to be TPOAb positive (P < 0.05 by chi square test). We also analyzed daily cigarette intake and daily staple food consumption among normal individuals and individuals with thyroid dysfunction. As shown in Table 3 , we found that compared to people with euthyroidism, people with hyperthyroidism smoke significantly more cigarettes daily (P < 0.01 by student's t-test). In addition, we found people with positive TPOAb were those who consume less daily staple food. Table 4 showed result of logistic regression analysis of the association of various lifestyle factors with hyperthyroidism, hypothyroidism and positive TPOAb. We set whether or not having thyroid dysfunction as the dependent variable (yes = 1, no = 0) and lifestyle factors with significant value in Student's t-test and chi-square test as independent variables for multiple unconditioned logistic regression analysis. For hyperthyroidism, alcohol consumption was found to be associated with decreased probability of disease incidence ( 
Discussion
The epidemiological features of thyroid status in She ethnic minority
Among the 5154 subjects included in the research survey, the overall prevalence of thyroid dysfunction was 6.72% (with 2.72 and 4% for hyper-and hypothyroidism, respectively, as shown in the result section in Table 1 ). The TPOAb positive rate was 10.7% (Table 1) . The trend was consistent with a recent large-scale epidemiological survey in China [14] . In male, there was no significant difference between the prevalence of hyperthyroidism and hypothyroidism. In female, the incidence of hypothyroidism and TPOAb positive were significantly higher than that of hyperthyroidism (Table 1 ). With the increase of age, the incidence of hyperthyroidism and hypothyroidism both increased in male, which was consistent with the survey in other countries [15] .
Alcohol consumption
The effect of alcohol consumption on AITD is elusive. Some previous research found no association between alcohol consumption and Graves' Disease [16] , while others suggested that moderate alcohol consumption might reduce the risk of Graves' disease [17] . Autoimmune thyroid disease seems to be much more dependent on environmental factors than hitherto anticipated. A populationbased case-control study in Denmark likewise observed that moderate alcohol consumption reduced the risk of overt autoimmune hypothyroidism [18] . In our study, alcohol consumption was found to be associated with reduced risk in hyperthyroidism, hypothyroidism and positive TPOAb (see Result section, Tables 3 and 4 ). The observed associations were independent of the type of alcohol (e.g. wine or beer), or gender. A protective effect of alcohol had also been reported for other autoimmune diseases such as rheumatoid arthritis, systemic lupus erythematosus and type 1 diabetes [19] . However, the mechanism of action of these protective effects of alcohol remains poorly understood.
Smoking
The association between smoking and autoimmune thyroid disease (AITD) was explored by many epidemiological studies. It was confirmed that smoking is a risk factor for the development of Graves' hyperthyroidism (GH), especially for Graves' ophthalmopathy (GO) [20] . In consistence with these previous reports, our study also found smoking associated with increased incidence of hyperthyroidism. The association between smoking and hypothyroidism is less clear. According to a review by Vestergaard P. (2002), a number of previous studies failed to find any association between smoking and hypothyroidism [8] . However, several recent researches have provided strong evidence that smoking might reduce incidence of hypothyroidism [21, 22] . In our study, positive TPOAb was less prevalent in subjects who were smokers at the time of the study than it was in subjects who were not smoking (7.6% vs. 12.0%, P < 0.001). Similarly, hypothyroidism was less prevalent in smokers than it was in non-smokers (2.4% vs. 4.9%, P < 0.001). The mechanism of the protecting effect of smoking for hypothyroidism is unclear. Some research indicated that nicotine might play a role. Nicotine was thought to increase Tregs-mediated immune suppression of lymphocytes via α7 nicotinic acetylcholine receptor (α7 nAChR) [23] . Cigarettes smoking exposure was believed to inhibit Th1 cytokine production and may lead to enhancement of Th2 response [24] . Since Hashimoto's thyroiditis was regarded as predominantly a disease caused by increased Th1 production, while Graves's disease may be caused by the enhancement of Th2 response, the suppressive effect of cigarette smoking on Th1 response and the resulting enhancement of Th2 response may explain the decreased risk of hypothyroidism and increased risk of hyperthyroidism among smokers [25] . The effect of the smoking on the hyperthyroidism and hypothyroidism is interesting. Further research is required to better understand the underlying mechanisms.
Exercise, weight watch and BMI
Little has been done to examine potential impact of exercise and physical activities on thyroid function. Studies in healthy, well-trained male athletes had shown that short-term high intensity exercise increased levels of circulating thyroid hormones [26] . In contrast, for long-term exercise, a study of men after six months of endurance training reported that free T4 concentrations were slightly decreased, with no change in TSH [27] . In our study, we did not find any correlation between exercise and hyperthyroidism. However, in the case of hypothyroidism, the prevalence was lower in the subjects who exercised compared to those who did not (3, 8% vs. 5.5%). In the logistic regression analysis, exercise was found to be associated with risk reduction in hypothyroidism, although no association in any direction was found between exercise and positive TPOAb. These results indicate that regular physical activity may be a protective factor for hypothyroidism. In our research we also found that subjects on weight watch had lower BMI as expected (22.686 ± 3.037 vs. 22.961 ± 3.463, P = 0.014), and lower prevalence of positive TOPAb and hypothyroidism (Table 3) . However, there was no correlation between hyperthyroidism and weight watching or BMI. Many studies had reported that obesity can cause autoimmune disorders and increased TOPAb level, thus increases prevalence of hypothyroidism [28] . Our results were consistent with those reported in previous research.
Daily staple, diet and salt intake
Globally, iodine supplementation has been the primary method to prevent mental retardation caused by iodine deficiency. However, in the recent few decades, there was a concern that excessive iodine exposure in some individuals may increase the incidence of autoimmune thyroiditis. Some began to question mandatory iodization of salt. In our research, we found no difference in the prevalence of hyperthyroidism, hypothyroidism or positive TPOAb among subjects' groups with different amount of iodized salt consumption. In this survey, we found an interesting relationship between subject's daily staple amount and their probability of developing TPOAb positive. It seemed that increased daily staple was correlated with lower risk of TPOAb positive (see Results section, Tables 3 and 4 ). Though the trend was moderate. The OR was 0.956 with 95%CI of 0.918-0.995. It was unclear how daily staple affects thyroid disease development. However, several studies had indicated that starvation could cause hypothyroidism. It was shown that during long term energy withdrawal, thyroidal superoxide anion was able to lower the thyroid hormones thyroxine (T4) and triiodothyronine (T3) and cause a hypothyroid state in pigeons [29] . It was possible that decreased staple intake might raise TPOAb level, thus provoke the development of hypothyroidism.
Stress
It is well known that Stress was a provoking factor in the pathogenesis of Graves's disease. Stress may also precipitate patients who are predisposed to autoimmune thyroid dysfunction [30] . However, the relationship between stress and hypothyroidism remains obscure. Two previous studies conducted by Pan [31] and Rossana [32] , respectively, did not find association between life events and the development of thyroid dysfunction. Many life style factors can evoke stress. Previous researches had detected insomnia [33] and chronic daily headache [34] as chronic stressors that can result in health problems. In our study, we evaluated potential association of these two stress factors with thyroid dysfunction. We found hyperthyroidism was less prevalent in people who suffered from insomnia than it was in people free of insomnia, although the prevalence for hypothyroidism was similar between the two groups. This was surprising as stress is known to trigger Graves Disease. However, it was possible that different types and degrees of stress affect thyroid function differently and insomnia-induced stress might be very different from those studied in previous research. For chronic daily headache, we found no association between headache and hyperthyroidism. However, prevalence of hypothyroidism was reduced in people who suffer from chronic daily headache (5.7% vs. 3.2%). Again, the difference in the type and degree of stress investigated might explain the different observations in our study versus those of others.
Limitation of the study
The study had certain limitations, including its lack of ability to infer causality due to the cross-sectional nature of the research design, as well as the use of a less stringent p value to define statistical significance. Also, we used TSH level as the sole criteria for classifying thyroid dysfunction, which could potentially misclassify people with pituitary disease and resistance to thyroid hormone (though with very small probability) as having thyroid dysfunction. Further, the associations between lifestyle factors and blood TPOAb presentation were not analyzed under different thyroid disease status due to the design and scope of the study. Additional investigation would be needed to shed light on the complex interactions between lifestyle factors, TPOAb, and development of different thyroid diseases. Despite these limitations, the study provided useful epidemiological data for thyroid dysfunction research.
Conclusion
Within the Chinese She ethnic minority, we found associations between different lifestyle factors and the incidence of different thyroid diseases. Although some of the factors in this study may be Chinese She ethnic minority specific, the research provided much more information about the life style factors and the thyroid dysfunction. Continued accumulation of such epidemiological data is necessary towards a better understanding and management of thyroid dysfunction. 
